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INTRODUCTION
ETAMATERIALS are attracting more and more research interest for microwave and optical applications. Metamaterials are defined as the materials which have the ability to exhibit electromagnetic characteristics not readily found in naturally occurring materials [1] . Split Ring Resonators (SRR) are common in the metamaterial design as they exhibit negative permittivity and permeability close to their resonant frequencies [2] . A variety of SRR structuressquare, circular, triangular and elliptical have been conceived and studied in the literature available [3] [4] [5] [6] [7] [8] . In this paper, three ring hexagonal shaped SRR is designed and simulated using HFSS to obtain multi-resonant behavior. Electromagnetic parameters are retrieved to demonstrate the presence of negative permeability bandwidths.
II. SPLIT RING RESONATOR DESIGN AND SIMULATION RESULTS

A. Single Ring SRR
At first, single ring hexagonal shaped SRR with varying side length is designed. The side length chosen are 3mm, 2mm, 1mm for the SRR-1, SRR-2, and SRR-3 respectively as shown in figure 1. All designed values are chosen for qualitative agreement with results for square SRR presented in [6] . Magnitude of S21 for Single Ring SRR As seen in figure 2 the resonant frequencies for SRR-1, SRR-2, SRR-3 with side lengths of 1mm, 2mm, and 3mm occurs at 5.1GHz, 7.3 GHz and 12.3GHz respectively. As the side length decreases (from 3mm to 1mm) the resonant frequency shifts from lower to higher frequency (5Hz to 10GHz) due to decrease in capacitance. Thus, one can obtain the desired frequency shift by tuning the side length of the SRR.
B. Multi Ring SRR
Later to obtain two resonant frequency two rings hexagonal shaped SRR is designed by combining SRR-1 and SRR-2 as shown in figure 3 Figure 3: Hexagonal SRR with two Concentric rings Simulated Using HFSS Similarly to obtain three resonant frequency three rings hexagonal shaped SRR is designed by combining SRR-1, SRR-2 and SRR-3 as illustrated in figure 4 Figure 4: Hexagonal SRR with three Concentric Rings Simulated Using HFSS The magnitude spectra of S21 parameter of two rings and three rings hexagonal shaped SRR are illustrated in figure 5a and 5b respectively.
(a) Magnitude of S21 for SRR with two Rings figure 5 it is clear that SRR with two rings resonates at two different frequencies -5.1 GHz and 7.4 GHz whereas SRR with three rings resonates at three different frequencies -5.1GHz, 7.5GHz, and 12.3 GHz. Thus multi band operation is achieved.
The resonant frequencies of all hexagonal shaped structure are summarized in Table. 1 From Table 1 it is depicted that the desired resonant frequency can be realized by tuning the side length of SRR. Also, the desired number of magnetic resonances can be realized by selecting the number of concentric ring within the limits of geometrical constraints.
C. Electromagnetic Parameter Extraction
The electromagnetic parameters such as effective permittivity ( ε ), effective permeability ( ε ) and refractive index (n) of hexagonal shaped SRR are extracted using the formula given in [9] (
Wherek o is the wave vector. with three Rings Figure 6 depicts that hexagonal shaped SRR with three rings has three bands with negative real effective permeability from 3.4 to 4.1 GHz, from 8.5 to 8.6GHz, and from 10.9 to 11.1 GHz. Figure 7 depicts that hexagonal shaped SRR with three rings has three bands with negative real effective permeability from 3.4 to 4.1 GHz, from 8.5 to 8.6GHz, and from 10.9 to 11.1 GHz.
III. CONCLUSION AND FUTURE ENHANCEMENT
In this paper, hexagonal shaped SRR is designed to obtain multiple resonances within the microwave frequency range by selecting the number of concentric rings. It is showed by simulation using HFSS that the desired frequency can be realized by tuning the side length of SRR. The parameter extraction is used to demonstrate thepresence of negative permeability bandwidth. The designed hexagonal shaped SRR can be good candidate for metamaterial application in various portions of electromagnetic spectrum, especially in miniaturization of devices. In future, the effect of other SRR design parameters such as split gap width (g), ring width (w) on resonant frequency can be studied.
